
of course not new. What is unusual is the espousal of
this argument by a Labour government and its appar-
ent willingness to challenge the power of its traditional
support base in the trade unions and entrenched inter-
ests of the health professions, including doctors. Yet if
the assumptions that lay behind the first and second
ways encompassed elements of truth without seeing
the whole picture, so too the critique of the forces of
conservatism risks turning an accurate perception of
part of the problem confronting the NHS into a
programme that is applied without discrimination. If
this were to happen, it would alienate managers and
clinicians who support the direction of travel that has
been set out by the government and whose continuing
commitment is needed to deliver the modernisation
agenda.

These observations take on added force because, in
the life cycle of governments, Labour is moving from a
preoccupation with policy development to a focus on
implementation and delivery. Its impatience to see the
delivery of service improvements is manifested in the
prime minister’s close personal involvement in domes-
tic policy priorities and the stated commitment of min-
isters to increase rather than reduce the pace of
change. In this context, the limited direct management
experience of politicians in power may explain the
approach they are pursuing, and their failure to appre-
ciate the scale of the task that has been taken on in
turning around major public services like education
and health. An appeal to the altruism of those working
in the NHS and recognition of the key role they have to
play in delivering the modernisation programme are
just as likely to succeed as an attack on their conserva-
tism, and unless this is taken on board health policy will
once more become a battleground between politicians
and NHS staff.

Recognising the forces of innovation
What, then, should be done? The priority of the new
health secretary, Alan Milburn, should be to add to the
instruments at his disposal by recognising the forces of
innovation within the NHS and providing them with
the resources required to implement the government’s
vision. Delivering NHS modernisation depends funda-
mentally on ministers acknowledging this fact and not
losing the support of those who are committed to pro-
viding a modern and dependable service. No amount
of guidance from the NHS Executive or hectoring by
politicians can substitute for a drive to improve
performance that comes from within and is acknowl-
edged and valued by those steering the process of
change.

Above all, ministers should champion entrepre-
neurial managers and clinicians who are leading the
modernisation drive within the NHS, and they should
support the more rapid dissemination of good
practices as they are identified. These measures may
not be sufficient but they are certainly necessary in
enabling the third way to be realised. And who knows,
they may ultimately give credence to the claim that
New Labour’s approach really is different.

The thinking behind this article was stimulated by the work of
Julian Le Grand and his analysis of the assumptions that lie
behind policies towards the welfare state.
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Calculating the number needed to treat for trials where
the outcome is time to an event
Douglas G Altman, Per Kragh Andersen

The number of patients who need to be treated to
prevent one additional event (number needed to treat;
NNT) has become a widely used measure of treatment
benefit derived from the results of randomised
controlled trials with a binary outcome.1 2 We show how
to obtain a number needed to treat for studies where the
primary outcome is the time to an event. We consider
primarily the situation where there is no access to raw
data, for example, when reviewing a published study, and
also how to proceed when given the raw data.

Time to event data
As noted previously, for studies with binary outcome
the number needed to treat will vary according to the
length of follow up.3 For studies of survival this relation
with time is more explicit. There is no single number
needed to treat; rather it can be calculated at any time
point after the start of treatment. Often there are one
or two time points of particular clinical interest.

Summary points

The number needed to treat is the number of
patients who need to be treated to prevent one
additional adverse outcome

This number (with confidence interval) is a
clinically useful way to report the results of
controlled trials

For any trial which has reported a binary outcome,
the number needed to treat can be obtained as the
reciprocal of the absolute difference in proportions
of patients with the outcome of interest

In studies where the outcome of interest is the
time to an event, calculations can be extended to
show the number needed to treat at any time after
the start of treatment
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A time specific number needed to treat represents
the number of patients who need to be given the treat-
ment in question for one additional patient to survive
to that time point—that is, to benefit from the
treatment. To obtain an estimate of the number needed
to treat together with a confidence interval, one of the
following is needed: (a) an estimate of the survival
probability in each group at one fixed time point, and
either the number of patients “at risk” at that time—that
is, not yet having experienced the event of interest—or
the standard errors of the survival probabilities; or (b)
the estimated hazard ratio and its standard error, and
the estimated survival probability in the control group
at a fixed time. Unfortunately, the reporting of results is
often inadequate in studies of survival,4 and the
required information is often not provided.

Methods and examples
We will assume there are two treatment groups. The
calculations relate to survival probabilities at a fixed
time point after the start of the follow up period—that
is, from the start of treatment. We consider three cases.

Only survival probabilities available
Suppose, firstly, that only a simple survival analysis has
been performed, and that Kaplan-Meier survival curves
have been generated. We denote the estimated survival
probabilities in the active and control treatment groups
at a chosen time point as Sa and Sc and will assume that
the active drug is effective, so that Sa > Sc. The absolute
risk reduction is estimated as Sa − Sc. If necessary, Sa and
Sc can be estimated by careful measurement of a graph
of the Kaplan-Meier survival curves. The number
needed to treat is obtained simply as 1/(Sa − Sc), just as
for trials with binary data.

The 95% confidence interval for the absolute risk
reduction (ARR) is ARR±1.96 SE(ARR), where
SE(ARR) is the standard error of the absolute risk
reduction. If the limits of this confidence interval are Al

and Au, then the 95% confidence interval for the
number needed to treat is 1/Au to 1/Al.

When neither the standard error nor confidence
interval for the absolute risk reduction is given, there
are three options:
1. If confidence intervals for Sa and Sc are given, each
standard error can be taken as one quarter of the width
of the relevant confidence interval.
2. If the standard errors of Sa and Sc are given,
SE(ARR) can be calculated as √{[SE(Sa)]

2 + [SE(Sc)]
2}.

3. If standard errors or confidence intervals are not
given, we need the numbers of patients still at risk
(alive) at the time corresponding to the estimated
probabilities, which we will call na and nc. These
numbers are sometimes shown in the graph of
survival; if not, they will have to be inferred. If there is
little loss to follow up, the numbers at risk will be close
to SaNa and ScNc, where Na and Nc are the numbers ran-
domised to each group. Information about loss to fol-
low up is, however, often missing.4 The standard error
of the absolute risk reduction is √[Sa

2(1 − Sa)/na +
Sc

2(1 − Sc)nc], and a 95% confidence interval is obtained
as above. If none of the preceding calculations is possi-
ble, then a confidence interval cannot be obtained for
the number needed to treat.

Example
Overall, 279 patients with locally advanced rectal
cancer were randomised to receive radiotherapy
followed by surgery compared with surgery alone.5 The
sample size calculation was on the basis of survival for
3 years. From figure 2 in the paper the three year sur-
vival rates were 62.2% and 46.8% for the two groups,
with 59 and 43 patients still alive respectively. The
above formula gives ARR = 0.622 − 0.468 = 0.154, and
SE(ARR) = √[0.6222(1 − 0.622)/59 + 0.4682(1 − 0.468)/
43] = 0.072, giving a 95% confidence interval for the
absolute risk reduction as 0.013 to 0.295. The number
needed to treat at 3 years is thus 1/0.154 = 6.49 and its
95% confidence interval is 1/0.295 to 1/0.013, or 3.4 to
77.6. We thus estimate that giving patients radio-
therapy before surgery would lead to one extra
survivor at 3 years for every 6.5 patients treated. The
confidence interval is very wide, however.

When the treatment effect is not statistically signifi-
cant (P > 0.05) the 95% confidence interval for the
absolute risk reduction spans zero, and one limit of the
confidence interval for the number needed to treat will
be negative. In this case the inverse of the absolute risk
reduction is often termed the number needed to harm
(NNH).6 It is, however, more accurate to refer to the
number needed to treat to benefit (NNTB) or to the
number needed to treat to harm (NNTH).7 Difficulties
in graphing the confidence interval are avoided by
plotting the absolute risk reduction at suitable values
and relabelling the axis,7 as illustrated below.

Survival probabilities and estimate of hazard ratio
available
The hazard ratio is quite like a relative risk rather than
an odds ratio,4 but it is not the same as a relative risk.
Customary methods of analysis assume that this ratio
is the same at all times after the start of treatment.

The log rank test provides the observed and
expected numbers of events in each group. The hazard
ratio is estimated as the ratio of the ratios of observed
to expected numbers for the active and control groups.
If the treatment is beneficial, the hazard ratio will be
less than 1. Unfortunately, few authors provide the
observed and expected numbers from this analysis.

The hazard ratio is more often available from a Cox
regression, which is used in controlled trials to adjust
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the trial results for other prognostic variables. Here the
regression coefficient for treatment (often denoted b or
â) is the log hazard ratio. It follows that the hazard ratio
is estimated as eb. Either the regression coefficient (b)
or the hazard ratio (h = eb) may be quoted in a
published paper.

If at some specified time, t, the survival probability
in the control group is Sc(t) then the survival probabil-
ity in the active group is [Sc(t)]

h, where h is the hazard
ratio comparing the treatment groups. The number
needed to treat is estimated as:
NTT = 1/{[Sc(t)]

h – Sc(t)} (equation 1)
where Sc(t) is obtained in one of the ways previously

described. The number of patients at risk is not needed
(the information is incorporated into the standard
error of h). Note that h and the number needed to treat
may depend on which other variables are included in
the regression model and how they are coded,
although in a randomised trial the differences should
be small.

The 95% confidence interval for the number
needed to treat is obtained from equation 1 by replac-
ing h in turn by the two limits of the 95% confidence
interval for h. If not given explicitly, the values can be
obtained from the regression coefficient b (recall that
h = eb) and its standard error as eb–1.96se(b) and eb + 1.96se(b).
The resulting confidence interval may be too narrow as
it ignores the imprecision in the estimate of Sc(t). We
return to this issue later. If we have results of a
regression analysis but do not have any estimate of the
control group survival probability Sc(t), we cannot esti-
mate the number needed to treat.

Example
We use data from a randomised trial comparing inten-
sive versus standard insulin treatment in patients with
diabetes mellitus and acute myocardial infarction.8

From figure 1 in the paper, the control group mortality
rates at 2 and 4 years were 0.33 and 0.49 respectively.
The reported hazard ratio was h = 0.72 with 95%
confidence interval 0.55 to 0.92. The number
needed to treat at 2 years is thus estimated as
1/(0.330.72–0.33) = 8.32. The 95% confidence interval
for the number needed to treat is obtained from equa-
tion 1 setting h to 0.55 and then 0.92, giving 4.7 to 32.7.

Raw data available
For researchers reporting the results of a trial, all the
raw data will be available. Clearly it is possible to use
any of the above methods to calculate a number
needed to treat, either unadjusted or adjusted, as all of
the statistics mentioned can be generated easily. We can
also extend the method quite simply to generate a plot
showing number needed to treat as a function of time
rather than at a single time point.

Example
One hundred and seventy two patients with non-small
cell lung cancer were randomised to receive either
radiotherapy alone or in combination with chemo-
therapy.9 The raw data (with somewhat longer follow
up) are given by Piantadosi.10 Figure 1 shows Kaplan-
Meier curves of disease free survival for the two
treatment groups, while the table shows the estimated
number needed to treat, with 95% confidence intervals.

The table is based on simple comparison of the two
treatment groups. Adjusted survival curves can be pro-
duced, often by Cox regression, to adjust a treatment
comparison for various baseline variables. The number
needed to treat can also be obtained from these
adjusted analysis, again using equation 1. An example
is shown in figure 2. If, as here, the treatment effect is
statistically significant with P < 0.05, the 95% confi-
dence interval for the number needed to treat will
exclude harmful effects at all times.

Even though the model assumes a constant hazard
ratio (relative risk) for the comparison of two
treatments, it is important to recognise that the
number needed to treat will differ for subsets of
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Number needed to treat at various times after treatment for 164
patients with non-small cell lung cancer treated with
radiotherapy plus chemotherapy versus radiotherapy alone9

Time from
treatment Number needed to treat (95% CI)

No of patients still
at risk

6 months 3.6 (2.4 to 7.4) 105

1 year 4.0 (2.5 to 10.2) 67

2 years 6.4 (3.3 to 74.3) 38

3 years 7.0 (3.6 to 128.5) 27

4 years 7.1 (3.6 to 117.0) 23

5 years 6.3 (3.5 to 37.1) 18

6 years 6.3 (3.5 to 37.1) 13
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model including only treatment
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patients with varying prognosis. It may be valuable to
construct graphs like figure 2 for important subsets of
patients, such as by stage or cell type in the example.

Discussion
The need for absolute as well as relative measures of
effect is increasingly recognised.2 The number needed to
treat has recently become a quite popular way of report-
ing the results of clinical trials.1 The number needed to
treat will usually tend to fall as the time from start of
treatment increases. Sackett et al suggested a simple cor-
rection for length of follow up, in which the observed
number needed to treat is multiplied by the ratio of the
actual average duration of follow up to the duration of
interest.3 This calculation assumes that the effect of treat-
ment (relative risk reduction) is constant over time, and
that events occur at a constant rate over time. Under
these strong assumptions a number needed to treat of,
say, 6 derived from a study in which patients were
followed on average for 2 years would imply a number
needed to treat of 3 if patients were followed for 4 years.
Following this approach, Miller presented for several
trials numbers needed to treat per year, calculated as the
overall number needed to treat multiplied by the
average length of follow up in years.11

When actual times to an event of interest are
recorded, numbers needed to treat can be obtained as
a function of follow up time. For many published
papers it will be possible to use these methods to
obtain numbers needed to treat, perhaps adjusted for
other variables. This measure should be valuable for
those reviewing papers for journals of secondary pub-
lication, with the number needed to treat calculated for
one or two specific time points.

The confidence interval for the number needed to
treat on the basis of the Cox model may be too narrow
(“conservative”) because the method ignores the
uncertainty in the estimate of the survival probability.
This deficiency applies equally to the confidence inter-
val obtained for the number needed to treat derived

from the log odds ratio estimated from a logistic
regression model. There is no way around this
problem when describing the number needed to treat
from information given in a published paper. An unbi-
ased confidence interval can be obtained from the raw
data, but the method is rather complex and we have
not presented it here.

The number needed to treat is valuable additional
information that can be provided in reports of
randomised trials where the outcome of interest was
time to an event. We have shown how to calculate the
number needed to treat for such studies in several
ways. In general, it will better to make such calculations
directly, rather than making the strong assumption that
the risk reduction is constant over follow up time.

Funding: Activities of the Danish Epidemiology Service Centre
are supported by a grant from the Danish National Research
Foundation.

Competing interests: None declared.

1 Cook RJ, Sackett DL. The number needed to treat: a clinically useful
measure of treatment effect. BMJ 1995;310:452-4.

2 Sackett DL, Richardson WS, Rosenberg W, Haynes RB. Evidence-based
medicine. How to practice and teach EBM. London: Churchill Livingstone,
1997:136-41, 168-70.

3 Sackett DL, Haynes RB, Guyatt GH, Tugwell P. Clinical epidemiology:a basic
science for clinical medicine, 2nd ed. Boston: Little Brown, 1991:208.

4 Altman DG, De Stavola BL, Love SB, Stepniewska KA. Review of survival
analyses published in cancer journals. Br J Cancer 1995;72:511-8.

5 Medical Research Council Rectal Cancer Working Party. Randomised
trial of surgery alone versus radiotherapy followed by surgery for poten-
tially operable locally advanced rectal cancer. Lancet 1996;348:1605-10.

6 McQuay HJ, Moore RA. Using numerical results from systematic reviews
in clinical practice. Ann Intern Med 1997;126:712-20.

7 Altman DG. Confidence intervals for the number needed to treat. BMJ
1998;317:1309-12.

8 Malmberg K for the Diabetes Mellitus Insulin Glucose Infusion in Acute
Myocardial Infarction (DIGAMI) Study Group. Prospective randomised
study of intensive insulin treatment on long term survival after acute
myocardial infarction in patients with diabetes mellitus. BMJ
1997;314:1512-5.

9 Lad T, Rubinstein L, Sadeghi A. The benefit of adjuvant treatment for
resected locally advanced non-small-cell lung cancer. J Clin Oncol
1988;6:9-17.

10 Piantadosi S. Clinical trials. A methodologic approach. Chichester: John
Wiley, 1997.

11 Miller DB. Secondary prevention for ischemic heart disease. Relative
numbers needed to treat with different therapies. Arch Intern Med
1997;157:2045-52.

(Accepted 5 July 1999)

A memorable dream
Plagiarism

Renewed plans for reforming the upper house of parliament
reminded me of the old story of the peer who dreamt that he was
making a speech in the House of Lords and woke up to find that
he was. My dream was similar but different. After three years at
Oxford on Wednesday afternoons spent postprandially in the
warmth and darkness of histology instruction I often close my
eyes in lecture theatres to concentrate better.

At international conferences I try at least to go to state of the
art lectures in my field. At one congress I dreamt that I was
lecturing on my particular area and was showing my favourite
series of slides solving, at least to my satisfaction, a critical
pathophysiological problem. And then I woke to find that the
lecture was being given not by me but by a Ruritanian professor
who was showing as his work slide after slide of mine. Years later I
again dreamt that I was lecturing, on a different pet topic, and
woke to find the speaker using a series of slides in the same order
as in one of my papers.

I did not reproach either lecturer. However, when I read in an
authoritative monograph consecutive paragraphs with a graph
which seemed cogently and convincingly to solve several specific

scientific issues, I suddenly realised that the illustration and these
paragraphs had been lifted word for word, without
acknowledgment or citation, from one of my articles. I did write
to the eminent publishers who wrote that the author had indeed
transcribed my paragraphs but unfortunately and inexplicably
had omitted to place them within quotation marks or to attribute
them to me or to cite my paper.

I know that imitation is said to be the sincerest form of flattery,
but I still find plagiarism galling.

Jeremy Hugh Baron honorary professorial lecturer, New York

We welcome articles of up to 600 words on topics such as
A memorable patient, A paper that changed my practice, My most
unfortunate mistake, or any other piece conveying instruction,
pathos, or humour. If possible the article should be supplied on a
disk. Permission is needed from the patient or a relative if an
identifiable patient is referred to. We also welcome contributions
for “Endpieces,” consisting of quotations of up to 80 words (but
most are considerably shorter) from any source, ancient or
modern, which have appealed to the reader.
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